Abstract: This paper presents a new simple control strategy for direct driven PMSG wind turbines, using no wind speed sensor. There are several strategies for wind turbine control. Operation of different strategies in terms of power smoothing is compared. New strategy is proposed to have more power smoothing. Performance of the proposed strategy is evaluated by MATLAB/ Simulink simulations and its validity and effectiveness are verified.
INTRODUCTION
In recent years, there has been a growing interest in wind energy power systems because of the environmental advantages and the economic benefits of fuel savings [1] .Because of intermittency in wind speed, the output power of wind turbine has large fluctuation which may cause frequency deviation in a power grid specially when there are wind farms injecting large amount of power into the grid [2] [3] . Therefore, the wind energy conversion systems (WECSs) are increasingly expected to be able to control their output real power, while fully using their capacity, such as retaining their maximum power-point tracking (MPPT) operation [4] . The effect of wind farm penetration into the grid on frequency deviation has been analyzed in [5] . It has shown that very low frequency fluctuation can be compensated by automatic generation control system in conventional power plants. Also the power plant inertias can compensate the high frequency components. The medium frequency components, however, that is to be compensated by governor control system, cannot be compensated effectively. As will be shown, the output power of wind turbine has the low and medium frequency components, but the high frequency component in the wind speed is damped by the turbine inertia. Because of some grid requirements, the output power has to be as smooth as possible. Some methods have been suggested to smooth the output power in the variable-speed wind turbine systems. In one category, the pitch angle control has been employed for smoothening the power fluctuations. To control the pitch angle, the proportional-integral (PI) pitch controller has been often used for the power smoothening [6] . Also some fuzzy logic controller [7] [8] , predictive controller [9] have been used to guarantee the power smoothing reliably. These methods, of course, are suitable for wind speeds above the rated value and because of the slow response of the mechanical pitch actuator system; the smoothing cannot be fully accomplished. Also, the need for rapid changes in pitch angle causes mechanical stress on the actuator. Another pitch control method has been proposed for full speed range operation in [10] . While the pitch angle control is necessary above the rated speed to limit the input power, below the rated speed, operation of pitch angle leads to lose maximum power extraction. Also, the slow response of pitch angle mechanical system makes is suitable for low frequency compensation. Using the DC link voltage control has been suggested for medium frequency compensation in [11] . This method needs extra chopper circuit and causes electrical stress on the DC link capacitor. Since the grid connected inverter requires constant and controllable DC link voltage, so the suggested method might cause some interference in the control objectives. There are also other methods to control PMSG based wind turbines, such as constant power and constant torque strategies [12] . The constant power strategy needs the value of wind speed to determine the amount of reference power. Also below the rated speed, since the oscillating component of the wind energy is exchanged with the rotor inertia, it may cause large fluctuations in the rotor speed and, in turn, intensive mechanical stresses on the shaft. Furthermore, to have a stable operation in this condition, some reduced value should be selected as the power reference, which results in losing some of the wind power. The constant torque strategy has less rotor speed fluctuations but unlike the constant power method, the power has some fluctuations, in fact the mechanical input power fluctuation is shared between the output and the rotor inertia. Again, similar to the previous methods, it needs the amount of wind speed to determine the reference torque for below the rated wind speed. Another control strategy that doesn't consider power smoothing issue is the so called MPPT strategy. MPPT strategy is based on maximum power extraction and is done either with wind speed sensor or sensor less. The with sensor method uses the anemometer data and power curves to calculate optimum rotor speed. The sensor less method uses optimum torque or optimum power relations and perturb & observe algorithm to achieve MPPT. Some examples are, DTC control method [13] [14] [15] , DPC control method [16] [17] , vector control in dq frame [18] , power limit search (PLS) algorithm [19] . In these methods both output power and rotor speed have fluctuations according to the wind speed profile. The main advantages of this method are stable operation and maximum power extraction assurance. In this paper new strategy is proposed to have better power smoothing operation. In section II different strategies are compared in terms of power smoothing. In Section III, new control method is proposed and a comparison between different methods is made. Then in section IV simulations are carried out and the results are discussed. Finally the conclusion is made in section V.
CONTROL STRATEGIES
This section allow the authors to describe the problematic proposed in this paper as well literature review regarding the discussed subject In this section some available strategies are analyzed and compared. The selected methods are Constant power, Constant torque, MPPT and Constant rotor speed. The output powers in these methods are as below (in per unit system): 1) Constant power method 2) Constant torque method 3) Constant rotor speed 4) MPPT method In which, is the output power and is the rotor speed. In direct driven PMSG based wind turbines, since there is no gear box and the shafts of turbine and generator are connected directly, one mass mechanical model can be used:
For simplicity of analysis the damping term is neglected. The turbine input power by wind is a non-linear function of wind speed ( ), rotor speed ( ) and pitch angle ( ) and is given by (3). (3) In which, is air density, S is the area swept by turbine blades of radius R, is tip speed ratio ( ) and is a nonlinear wind power coefficient. Because of nonlinearity, small signal analysis is employed to analyze (2). In small perturbation form, it can be written as follows:
(4) From [12] , the transfer function for output power in terms of wind speed variation for below the rated speed can be written as:
can be deduced that smaller slope leads to less fluctuation in the output power. This is reasonable because the variation of rotor speed is larger in this condition. Therefore, most of the wind fluctuation is damped by the rotor speed variation. The constant power method has zero gain ( ). This method produces a constant power, so it is the best in terms of power smoothing, provided that the wind speed is known and the reference power is selected below the available value. This means that the maximum power extracting is lost. Similar to former, the constant torque method needs to wind speed to determining the torque reference and also it has been selected below maximum power condition. For the method of constant rotor speed, as there is no rotor speed variation, all of the wind fluctuation is reflected on the output power. This can be deduced from (5) with . In the following the MPPT Method is analyzed. As mentioned before, this method is stable for all regions. The MPPT method can be done in two way, the first one uses lookup table for optimum rotor speed as a reference for the control system(Optimum tip speed ratio), while the other uses cubic function ( ; optimum power method) [20] . The first method is based on the fact that there is an optimum rotor speed for each wind speed at which maximum power is extracted from wind [6] . Even though both methods are based on maximum power extraction, but the output power traces are different. To illustrate this fact, small signal models for the two ways are compared. For the second way It was presented before (cubic curve) as in (5) . Here the small signal model for first the way is extracted. For each wind speed ( ), there is a rotor speed ( ) at which the power extracted from wind is maximized. According to this fact, the following relation can be defined in per unit.
Of course because of high perturbation in the wind speed, it is required to use a low pass filter ( ), so (6) is changed as below:
According to (4) and (7), the perturbation model for this condition can be written as:
The bode diagram for gain functions in the two methods are shown in Fig.1 . As it is seen, in the first method the wind fluctuation is highly reflected onto the output power, whereas the second method, i.e. the cubic method ( ) behaves as a low pass filter and suppresses the high frequency components. Therefore, the second way of MPPT implementation is smoother than the first way. In section V, simulation result of a typical wind speed will be shown to compare these two methods.
PROPOSED METHOD
This section must include a good technical information to allow the experiments to be repeated. The sources of all media (like name and location of manufacturer) or components of a new formulation must be provided. According to (5) , lesser slope leads to smoother power, therefore, choosing a function with a slope smaller than that of the cubic curve would result in smoother output power. Constant, linear and square functions ( ), have lesser slope, but they need the wind speed value to determine their coefficients to have stable operation. On the other hand, functions with higher order such as , have more slope than cubic curve, so they cannot be smoother than MPPT method. Therefore, to have stable operation and smoothed power without the need for wind speed value, the only option is using cubic curve with lesser slope. The following function is proposed for this aim.
Since the slope is always less than that of MPPT function. The bode diagram for this method is shown in Fig. 2 for comparison with that of the cubic method. As it is seen, this method is smoother than MPPT method. In addition, as Fig.3 indicates, this method is always stable because there is an operating point for each wind speed. Lesser value of the coefficient leads to smoother power, but as it can be deduced from Fig.3 , there are two problems. First; at rated power the rotor speed exceed the rated value and second; the extracted power is reduced. Therefore, to have smoother power, the rotor speed should be allowed to exceed the rated value, as well as accepting some reduction in power extraction. In this paper 10 percent rotor over speed is considered to be allowable. According to the power curves, is a suitable value for the function coefficient. For this value, as it is observed in Fig. 3 , with the increased rotor speed there is insignificant reduction in power extraction as compared to MPPT method.
Comparison between different methods according to discussions of the previous section is presented in table I. In this table, different methods are compared in terms of power smoothing and stability. Using the proposed method rated speed results in smoother power than that of MPPT method. 
SIMULATION RESULTS
In this section, include the rationale or design of the experiments as well as the results; reserve interpretation of the results for the Discussion section. Present the results as precisely as possible. For a 2MW PMSG based wind turbine with the data presented in Appendix [21] , simulation is carried out using the proposed control method and conventional method, and the results are compared. For a typical wind speed profile below the rated value, given in Fig.4 , output power obtained by simulation of three methods; MPPT (lookup table and cubic curve) and the proposed method are presented in Fig.5 . As it was mentioned in previous section, look up table method has a fluctuated profile. There is a significant difference between the results of lookup table method and the other two methods. It is quite clear that the proposed method results in much smoother output power profile than MPPT methods.
CONCLUSION
In this paper, different control strategies for PMSG based wind turbine at below and above rated speed were compared in terms of power smoothing. Performance of methods were analyzed based on perturbation models. A new control strategy was presented for blow rated wind speed, which presents a smoother output power compared to the MPPT method, while it does not require wind speed information. Furthermore for above rated speed, since the pitch angle controller is slow and cannot set the output power exactly to the rated value, so in this paper another degree of freedom is added to control system. This strategy uses constant torque method for converter control instead of constant rotor speed that is used in conventional strategy. Consequently, the proposed method led to smoother output power and soft operation of pitch angle system. 
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